Please cite this article as: Vick, S.-J., Toxopeus, I., Anderson, J.R., Pictorial gaze cues do not enhance long tailed macaques' performance on a computerised object-location task, Behavioural Processes (2006Processes ( ), doi:10.1016Processes ( /j.beproc.2006 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
Introduction

1
The study of gaze understanding in nonhuman primates has been assessed using two basic 2 methodologies: a gaze following paradigm, in which the respondent visually co-orients with a 3 model's gaze (Itakura, 1996) , and various object-choice tasks which require the animal to select 4 an object on the basis of gaze cues (Anderson et al. 1995) . These two approaches have revealed 5 what has been described as a 'functional dissociation' (Gomez 2005) ; primates readily gaze 6 follow of both humans and conspecifics ) but successful performance on 7 object-choice tasks is less consistent and may require learning over a number of sessions (e.g. 8 Vick and Anderson 2000) 1 . There is apparently some divergence between knowledge and 9 action as measured by the dependent variables of visual attention and manual responses, 10 respectively. 11 Several species of nonhuman primates have been shown to change their visual 12 orientation to track a human interactant's head and eye direction or eye gaze alone (Ferrari et conspecific models are largely unable to control which cues are present or attended to so that it 15 is unclear which factors (such as bodily orientation and head direction) influence responses 16 ). As conspecific cues are difficult to vary systematically, studies have 17 also used photographic images rather than interactants and have reported clear evidence for (Capitanio 2002; Dasser 1987 ; Kyes et al. 1992 ). 2 There are consistent patterns in terms of how monkeys look at images of faces; 3 macaques reliably allocate most attention to the eyes, even when images were inverted or 4 scrambled (Guo et al. 2003) . Moreover, this same basic pattern is found, in terms of viewing 5 time, number of fixations, and other temporal and spatial characteristics, whether the facial 6 stimuli presented is conspecific, chimpanzee, human or even simple schematic images (Keating . To date, very few studies using conspecific stimuli 10 have manipulated both head and eye direction; using scanning patterns as a measure, rhesus 11 macaques have been shown to respond to both head and eye direction alone by shifting 12 attention to a congruent quadrant of space (Lorincz et al 1999) . Deaner and Platt (2003) also 13 found that non-predictive head and eye-gaze cues enhanced gaze shifts to detect peripheral 14 targets by rhesus monkeys (and humans tested within the same paradigm). 15 While monkeys readily co-orient and visually inspect cued locations, the attention to the 16 target object itself appears ambiguous at best. Emery et al (1997) demonstrated that objects 17 which appeared in a location congruent with depicted visual attention were inspected more than 18 identical distractors. However, most attention was directed at central monkey image prior to 19 object appearance and there was no significant difference between target and distractor when 20 only these remained on screen. Similar results with Diana monkeys also show coorientation to 21 a spatial location congruent with the gaze direction of a photographed conspecific, in terms of 22 significantly more first looks, and more frequent and longer visual inspections. However, 23 attention to target and anti-target locations following the appearance of the object itself was not 24 reported; thus, it impossible to ascertain the relationship between gaze following and 1 subsequent levels of interest in the target rather than just the cued location (Scerif et al. 2004 ). 2 Measurement of eye movement and other forms of visual co-orientation can certainly 3 inform about nonhuman primates' responses to gaze as a social signal, but the absence of any 4 subsequent response to targets means that it is difficult to assess how attention shifts are 5 translated into action. Moreover, the timing of both independent and dependent variables differ 6 in gaze following and object choice approaches. Object choice studies typically involve 7 presenting a cue for a few seconds to ensure that the subject has time to attend, but even occur rapidly and then quickly dissipate. 13 One way to examine whether manual responses or timing are detrimental to object-14 choice performance is to modify procedures in order to make the gaze following and object 15 response tasks more comparable. Only one study to date has combined pictorial gaze stimuli 16 with a manual response, rather than measuring visual scan patterns alone. The impact of 17 schematic and photographic (human) gaze cues upon accuracy and response times was 18 examined in baboons using a joystick to respond on a go no-go target identification task (Fagot 19 and Deruelle, 2002). This approach resembles the object choice task in terms of gaze cues 20 preceding a manual response, but also allows more subtle differential effects of cue type on 21 reaction times (RTs) to be measured. Moreover, the presentation of gaze cues was much briefer 22 than in traditional manual response tasks with the delay between the appearance of cue and 23 between competitive tasks and a tendency to co-orient with others is less clear.
A c c e p t e d M a n u s c r i p t 5 target, or stimulus onset asynchrony (SOA), being 300ms. 
Materials and Methods
22
Subjects 23 2 SOA later modified to 800ms, the cue-target distance was also reduced and the baboons were trained to attend to the central area of the monitor but these changes had no impact on the results obtained. The monkeys had previously been trained and tested on delayed non match to sample tasks 21 using the touch-screen (Veenema, 1998) . The monkeys were re-familiarised firstly to the 22 experimental area and subsequently to the apparatus. Once the monkeys reliably responded to 23 the touch-screen and could be readily separated from the group for at least 10 minutes, testing 24 commenced. 1 Once a monkey had entered the test area, they were separated from the rest of the group using a 2 sliding partition. The computer program was then initiated and the experimenter observed the 3 session from an adjacent room via the video link. The monkey remained in the test area until a 4 maximum of 50 trials had been presented or 25 minutes had elapsed. If the monkey ceased 5 responding for over 3 minutes or was became distressed (for example, when group fights broke 6 out in the adjacent enclosure), the session was terminated and the monkey was released back 7 into the group. As entry into the testing area was voluntary, not all animals were tested on all 8 days (data from additional subjects completing only a few sessions each were excluded from 9 analysis). Subjects were tested with a schematic stimulus set for 5 weeks and with photographic 10 images for the following 4 weeks; order of presentation was not counterbalanced due to the 11 group testing situation. 12 
13
Stimuli
14
Schematic faces: these were line drawings (150 x 150 pixels) of faces and scrambled faces. 15 Pupils appeared positioned in one of five locations: up, down, left, right or central (a neutral 16 condition which offered no directional cue towards peripheral locations) relative to the centre 17 point of the face (depicted by the nose). Photographs: these were colour images (150 x 150 18 pixels) of a human female with variations in head and eye direction. In this set, the face cued 19 only along the horizontal axis, e.g. head and/or eyes to the right/left. Any asymmetry in the 20 photographs was accommodated by using reversed right images to create left images (see 21 Scerif et al 2004). There were three variations of cue available: congruent head and eye cue 22 with the head turned in full profile to left or right, eyes only directed to either the left or right or 23 displaying direct gaze, and half-profile images in which the head was turned 30 degrees from 24 centre with eyes either congruent with head turn or fixated centrally (direct gaze).
A c c e p t e d M a n u s c r i p t
The task 2 Following a 30-second delay during which the monitor was uniformly black, a 3 schematic face or control (scrambled face) stimulus appeared; the monkey touching this central 4 stimulus initiated the trial. After a 500msec delay, pupils appeared in the face or control image. 5 Following another delay of 100ms, 300ms or 1000ms (stimulus onset asynchrony: SOA) the 6 central image was removed and a target square (100 x 100 pixels) appeared in one of the four 7 locations (up, down, left, right). Figure 1 shows an example of a presentation sequence. For the 8 photograph stimulus set the pre-trial stimulus was modified; a white square that appeared in the 9 centre of the screen was used. The square disappeared when touched and the trial commenced 10 with the stimulus photograph appearing in the centre of the screen after a 500ms delay (see 11 Figure 2). 12 Each cue type for both stimulus sets was presented as congruent and incongruent (i.e. ----------------------------------- Fig. 1 and Fig 2. about here
Data Analysis
10
Target location response times of less than 100msec (anticipations) or greater than 3000msec 11 (time outs) were excluded from the analysis; only rapid responses which were likely to be 12 related to gaze cues were considered, with a 3 second interval comparable to the duration used Table 1 ) revealed no significant main 6 effects, that is, response times did not differ according to whether or not a face or control image Face x Cue x SOA, F 4,32 =1.12, p = 0.37). There was no evidence that responses differed to 11 schematic and scrambled images. Further, there is no evidence to suggest that congruence 12 between cue and target in terms of either direction or timing had any impact upon response 13 times in this target location task. Table 1 
---------------------------------------15
---------------------------------------17
Photographic images
18
Each face type was examined separately in order to allow all cue combinations to be 19 thoroughly analysed.
20
Head direction: As head direction was either congruent or incongruent with the target 21 location, a 3 (SOA) x 2 (Cue) repeated measures Anova was conducted on group data (see 22   Table 2 for mean RTs). There were no significant main effects; RTs did not differ according to Eye direction: As eye direction could either be congruent, incongruent or neutral regarding the 5 target location, a 3 (SOA) x 3 (Cue) repeated measures Anova was conducted on group data 6 (see Table 2 for mean RTs). Exploration of the SOA main effect showed that 100ms SOA trials 7 were responded to faster than longer SOAs (mean 100ms = 938ms, 300ms = 1011ms and 9   Table 2 10
---------------------------------------
--------------------------------------- 11 12
Discussion
13
The current study aimed to tap into spontaneous gaze following responses and examine how 14 these are translated into subsequent actions on attended objects. The results with both 15 schematic and photographic stimuli fail to demonstrate any advantage of congruent gaze cues 16 upon the macaques' subsequent response times to locate a target. Responses were slightly faster 17 overall for photographic rather than schematic images, however due to possible order effects it 18 is difficult to conclude whether this is a meaningful difference in terms of face processing. 19 These negative findings are in line with previous research using a target identification task in 20 baboons (Fagot and Deruelle 2002), suggesting that our spatially based target location task did 21 not differ substantially from their identification task. In addition, the macaques were no more 22 likely to respond to the more salient cue of profile views than eye gaze alone, and there was no 23 systematic influence of temporal contiguity of cue and target. That is, these modifications did 24 not impact upon response times following congruent and incongruent cues. gaze stimuli to be actively processed (due to brief SOA), as responses were only needed to start 3 a trial and to locate the target. Firstly, this seems unlikely as the monkeys were monitored via a 4 video link throughout the session; they were highly motivated to perform the task and, while 5 eye direction was not measured directly, the monkeys were reliably oriented towards the screen 6 for the vast majority of a session. It could also be argued that a gaze following response could 7 lead the monkeys to look beyond the computer screen rather than to the target object per se. 8 While eye measurement studies can control for this by training subjects to only foveate within 9 defined boundaries (Gothard et al 2004) , the current study was dependent upon natural gaze 10 shifts. In any case, it is likely that gaze following should still lead to differential response times 11 in detecting cued and uncued targets; orienting in the wrong direction would slow detection 12 more than orienting in the same general direction as the target. Secondly, in humans reflexive 13 gaze is robust even when participants are specifically asked to ignore the central image. As comparable to that of eye movement studies, this central difference remains. 5 An alternative approach to examining gaze following and subsequent actions is to ask 6 whether nonhuman primates are able to recognise the relationship between gaze and targets in 7 other individuals. For example, using an expectancy violation paradigm in which an individual 8 is shown attending to one of two objects before manipulating either the attended or ignored 9 object. During familiarisation trials, only attended objects are acted upon so that the viewer's 10 visual interest diminishes; understanding the relationship between attention and action should 11 lead to increased interest (measured in looking patterns) when incongruent gaze-action trials 12 occur in which the previously ignored object is manipulated. However, findings using this 
